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The invention provides methods and compositions for expanding cells that are not abundant or are difficult to obtain in pure form in 
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telomerase gene activation activity. The resulting cells of the invention are suitable for use in cell therapy 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


AM 


Armenia 


Fl 


Finland 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CG 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


CI 


Cote d'lvoire 


KP 


Democratic People's 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


CU 


Cuba 


KZ 


Kazakstan 


CZ 


Czech Republic 


LC 


Saint Lucia 


DE 


Germany 


LI 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


uz 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


zw 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 







^ TRANSIENTLY IMMORTALIZED CELLS FOR USE IN GENE THERAPY 

FIELD OF THE INVENTION 
The invention relates generally to tissue transplantation. More specifically, the 
invention relates to methods of increasing the replicative capacity of normally quiescent cells, 
such as normal somatic cells, by transient immortalization or transient telomerization, to 
produce cells suitable for cell therapy. 

BACKGROUND OF THE INVENTION 
Cell therapy is an emerging field for the treatment of medical disorders. Cells from 
various tissue sources have been contemplated for transplantation into mammals, including 
human, recipients for treatment of disease or tissue or organ replacement. Use of primary cells 
for transplantation requires continuous access to fresh sources of tissue. This is problematic, 
however, particularly if human cells are desired. Normal human somatic cells display a finite 
replicative capacity of 50-100 population doublings characterized by a cessation of 
proliferation in spite of the presence of adequate growth factors. The replicative capacity can 
be considerably less (10-50 population doublings) when these cells are placed in culture in 
vitro. This cessation of replication in vitro is variously referred to as cellular senescence or 
cellular aging. 

To generate tissue in sufficient quantity for therapeutic use, cells are commonly 
immortalized, to acquire unlimited replicative capacity and avoid cellular senescence. The 
identification of immortalizing genes and development of gene transfer methodologies permit 
generation of cell lines from cell types that are difficult to obtain in sufficient quantity or that 
have short lifetimes in culture. These immortalizing genes are typically generated by transfer 
of a virus or plasmid that contain an immortalizing gene. Cell immortalization increases the 
lifespan of a cell (especially in culture under replicative growth conditions), so that the 
resulting cell line is capable of being passaged many more times than the original primary 
cells. 

The use of immortalized cells in cell therapy, however, can pose serious risks for 
patients, because immortalized cells are in many instances tumorigenic. Moreover, the 
exogenous DNA containing the nucleic acid capable of transforming the cells is commonly 
inserted into cells using infectious vectors, such as retroviral vectors. Virally infected cells also 



pose serious risks for patients, such as the potential of generating replication-competent virus 
during vector production; the potential recombination between the therapeutic virus and 
endogenous retroviral genomes, potentially generating infectious agents with novel cell 
specificities, host ranges, or increased virulence and cytotoxicity; and the potential 
independent integration into large number of cells, increasing the risk of tumorigenic 
insertional events. 

Approaches to avoid these risks have focused on the removal of the genetic element 
when differentiation of the target cells is desired. One such approach involves the use of the 
Cre/loxP recombination system of bacteriophage PI. In the Cre/loxP procedure, the 
immortalizing gene, or oncogene, is flanked with recombinase recognition (lox?) sites for 
insertion, and subsequently removed via Cre-mediated deletion of the flanked gene segment. 
However, it is very difficult to prove the absence of residual immortalizing gene. Any leftover 
immortalizing gene would pose a serious risk to the recipient of the cell therapy, as it may 
allow these cells to continue to proliferate in the host after transplantation, and form a tumor. 
Accordingly, tissue from cells generated in this fashion is less desirable for cell therapy. 

Thus, a need remains in the art for a method of cell proliferation that avoids the risks 
associated with the incorporation of exogenous immortalization genes in cells to be used for 
cell therapy. 

SUMMARY OF THE INVENTION 

The invention provides methods and compositions for generating cells that are not 
abundant, that are difficult to obtain in pure form in primary culture, that are in short supply 
{e.g., human cells), or that have brief lifetimes in culture. The invention relates to methods of 
conditional, transient cell proliferation in which immortalization or telomerization are initiated 
by the action of exogenously supplied molecules and terminated by the removal of these 
exogenously supplied molecules. Cells are proliferated in vitro for cell banking and, upon 
removal of the exogenous immortalizing or telomerizing fusion proteins, return to their 
non-proliferative state. The cells produced by the methods of the invention are suitable for 
transplantation and cell therapy. The methods of the invention can be used to proliferate any 
normally quiescent cell that can be induced to proliferate, such as normal somatic cells. 

Provided in the invention are fusion proteins having a transport polypeptide amino acid 
sequence from herpesviral VP22, human immunodeficieny virus (HIV) TAT, or from 



homologues or fragments thereof, coupled to amino acid sequences from cell immortalization 
proteins. Examples of proteins or polypeptides for cell immortalization include the 12S and 
13S products of the adenovirus El A genes, SV40 small and large T antigens (subfragments 
and truncated versions), papilloma viruses E6 and E7, the Epstein-Barr Virus (EBV), 
Epstein-Barr nuclear antigen-2 (EBNA2), human T-cell leukemia virus- 1 (HTLV-1), HTLV-1 
tax, Herpesvirus Saimiri (HVS), mutant p53, and the proteins from oncogenes such as myc y 
c-jun, c-ras> c-Ha-ras, /z-ras, v-src, c-fgr, myb, c~myc, w-myc, and Mdm2. Also provided in the 
invention are fusion proteins having a transport polypeptide amino acid sequence from 
herpesviral VP22, HIV TAT, or from homologues or fragments thereof, together with amino 
acid sequences from proteins or fragments thereof with telomerase-specific activity. Examples 
of proteins or fragments thereof with telomerase-specific activity include telomerase, pi 40, 
pl05,p48, and p43. 

In one embodiment of the invention, normally quiescent cells are transiently 
immortalized in order to proliferate these cells. Cells of interest are cultured in the presence of 
a fusion protein comprising a first polypeptide having the transport function of herpesviral 
VP22 protein or HIV TAT protein, and a second polypeptide having cell immortalization 
activity. The fusion protein is transported to the nucleus of the cells, and immortalizes the 
cells. The immortalized cells are expanded in the presence of the fusion protein. Once 
sufficient cells have been obtained, the fusion protein is removed from the growth medium, 
and the cells are cultured until they return to their original differentiated, non-immortalized 
state. 

In another embodiment of the invention, normally quiescent cells are proliferated by 
transiently telomerizing these cells. Cells of interest are cultured in the presence of a fusion 
protein comprising a first polypeptide having the transport function of herpesviral VP22 
protein, HIV TAT protein, and a second polypeptide having telomerase-specific activity. The 
fusion protein is transported to the nucleus of the cells where it synthesizes telomeric DNA at 
chromosomal ends, thereby preventing replicative senescence. The telomerized cells are 
expanded in the presence of the fusion protein. Once sufficient cells have been obtained, the 
fusion protein is removed from the growth medium, and the cells are cultured in a standard 
fashion in the absence of the exogenous immortalizing or telomerizing fusion proteins. 



In yet another embodiment of the invention, the transporting protein (such as VP22 or 
TAT) and the immortalizing gene (such as hTERT, SV40, etc.) are mixed together and applied 
to the cells. 

In still another embodiment of the invention, normally quiescent cells are proliferated 
by transiently telomerizing these cells. Cells of interest are cultured in the presence of two 
fusion proteins: (1) a fusion protein comprising a first polypeptide having the transport 
function of herpesviral VP22 protein or HIV TAT protein, and a second polypeptide having 
cell immortalization activity; (2) a fusion protein comprising a first polypeptide having the 
transport function of herpesviral VP22 protein or HIV TAT protein, and a second polypeptide 
having telomerase-specific activity. The cells may be cultured in the presence of more than one 
type of VP22-immortalization or TAT-immortalization fusion. The cells are expanded in the 
presence of the fusion proteins until sufficient cells with increased lifespan have been 
obtained. The fusion proteins are subsequently removed from the growth medium, and the 
cells are cultured until they return to their original differentiated, non-immortalized state. 

The cells produced by the methods of the invention are not permanently immortalized 
(and thus are not tumorigenic or transformed) and are not virally infected. Accordingly, these 
cells, upon removal of the exogenous immortalizing or telomerizing fusion proteins, are 
suitable for transplantation and use in cell therapy. 

In one embodiment of the invention, cellular immortalization is accomplished by direct 
transcriptional activation of telomerase reverse transcriptase, mediated by the addition of 
VP22-myc fusion protein. Wang, et al. 9 12 Genes & Dev. 1769-1774 (1998). 

In another embodiment of the invention, a specific gene in a cell is transiently activated 
to specifically activate the expression of the endogenous gene of interest, and express the 
corresponding protein of interest. The proteins of interest include, but are not limited to, 
human growth hormone (hGH), erythropoietin (EPO), insulinotropin, insulin, leptin, hGCSF, 
Factor VIII, Factor VII, Factor IX, Factor X, and tissue-type plasminogen activator (tPA). 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 isaplasmid map of pVP22-hTERT-1901. 

FIG. 2 is a set of photographs showing the detection of VP22-hTERT and VP22-cMyc 
chimera proteins by immunocytochernistry (ICC). Cos cells were transiently transfected with 
no plasmid DNA (Panels A and B), pVP22-(cMyc-HIS-TAG)-1090 control vector (Panels C 



and D), pVP22-hTERT-(cMyc-HIS-TAG)- 1 095 vector (Panels E and F), and P VP22-cMyc- 
(HIS-TAG)-l 101 vector (Panels G and H). Primary anti-cMyc antibody (c-Myc Ab) was 
added in Panels A, C, E, and G whereas no primary anti-cMyc antibody was added in Panels 
B,D, F, andH. 

FIG. 3 is a Western blot analysis of VP22-based chimera proteins expressed in COS. 
Panel The VP22-hTERT-(cMyc-HIS-TAG) fusion protein and the control VP22-(cMyc- HIS- 
TAG) protein in pi 101 and pi 090, respectively, were expressed in transiently transfected COS 
antibody used was the anti-cMyc antibody from Invitrogen. The arrows molecular weights of 
VP22-hTERT-(cMyc-HIS-TAG), VP22-cMyc-(HIS-TAG), and TAG) 

FIG. 4 is a set of charts. FIG. 4A shows the population doubling curve for 1091- 
MDX01 as determined by repetitive serial passaging of the VP22-hTERT cell line. FIG. 4B 
shows the population doubling curve for mMLV-hTERT immortalized MDX12 (yellow curve) 
-Vs- the parent primay MDX01 cell (purple cure)as determined by repetitive serial passaging 
of the VP22-hTERT cell line. 

FIG. 5 is a set of gels showing the telomerase catalytic activities of VP22-hTERT 
chimera proteins as demonstrated by TRAP. In FIG. 5 A, TRAP assay was performed on cell 
lysates from COS cells transiently transfected with VP22, VP22-hTERT, and VP22-hTERT- 
(cMyc-HIS-TAG) fusion constructs in expression vectors pl090, pl091, and pl095, 
respectively. 293T was included as positive control for hTERT catalytic activities in TRAP. In 
FIG. 5B, TRAP assay was performed on stable polyclonal pl091/MDXl cells, MDX1 as 
negative control, and MDX12 as positive control. 

FIG. 6 is a set of photographs showing the detection of the presence of telomerase in 
pl091/MDXl by ICC. ICC was performed on pl091/MDXl stable cells with anti-hTERT 
antibody, <*hTERT(C-20) Ab, while MDX1 (FIG. 6A and 6B) and MDX12 (FIG. 6C and FIG. 
6D) cells were used as hTERT-negative and -positive controls, respectively. Primary anti- 
hTERT antibody was added in 6A, 6C, and 6E whereas no primary anti-hTERT antibody was 
added in 6B, 6D, and 6F. 

FIG. 7 is a set of gels (with additional illustration) showing endogenous hTERT and 
VP22-hTERT mRNA expression as measured by RT-PCR in MDX12 and 1091-MDX01 
immortalized cell lines. RT-PCR performed on mRNA isolated from MDX12 (hTERT 
immortalized) and 1091-MDX01 (VP22-hTERT immortalized)cell lines using 
oligonucleotides specific for endogenous hTERT mRNA expression (FIG. 7A). RT-PCR 



performed on mRNA isolated from MDX12 (hTERT immortalized) and 1091-MDX01 (VP22- 
hTERT immortalized)cell lines using oligonucleotides specific for VP22-hTERT mRNA 
expression (FIG. 7B). +RT signifies addition of reverse transcriptase and -RT signifies PCR 
without reverse transcriptase addition; +RT* indicates use of a different brand of reverse 

5 transcriptase. 

FIG. 8 is a set of gels (with additional illustration) showing endogenous hTERT and 
VP22-hTERT mRNA expression as measured by RT-PCR in MDX12 and 1091-MDX01 
immortalized cell lines. RT-PCR performed on mRNA isolated from MDX12 (hTERT 
immortalized) and 1091-MDX01 (VP22-hTERT immortalized) cell lines using 

10 oligonucleotides specific for mMLV- hTERT mRNA expression (FIG. 7A). RT-PCR 

performed on mRNA isolated from MDX12 (hTERT immortalized) and 1091-MDX01 (VP22- 
hTERT immortalized)cell lines using oligonucleotides specific for VP22-hTERT mRNA 
expression (FIG. 7B). +RT signifies addition of reverse transcriptase and -RT signifies PCR 
without reverse transcriptase addition; +RT* indicates use of a different brand of reverse 

15 transcriptase. 

DETAILED DESCRIPTION OF THE INVENTION 
Introduction. The invention methods and compositions for use in conditional 
immortalization of primary mammalian cells. The invention provides for the coupling of VP22 

20 or TAT to an oncogene or immortalizing gene, such that eukaryotic or prokaiyotic cells can 
efficiently produce the fusion protein. The human telomerase gene (hTERT) is capable of 
immortalizing primary human fibroblast cells without causing the cells to become 
"transformed", (Morales, CP. et al. Nature Genetics 21, pp.1 15-1 18, 1999; Jiang, X.R. et al. 
Nature Genetics 21, pp 11 1-1 14, 1999). We hypothesized that the VP22 protein might serve 

25 the same purpose by carrying the human telomerase (hTERT) protein across the cell 

membrane of appropriately exposed cells. By analogy, one could attach any immortalizing 
protein such as SV40, cMyc, El A, E6, E7, ras, etc. to the carboxy terminus of the VP22 
protein, and these fusion proteins would be efficiently transported into the nuclei of exposed 
primary cells. 

30 In one embodiment, the invention provides for the conditional immortalization of 

human beta cells (for example, with SV40 TAG, myc, ras, etc.) in a transient fashion (for short 
periods of time or only during proliferation and expansion of the cells), for as long as the 
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VP22-fusion or TAT-fusion protein is provided to the cells. Thus, the invention makes 
conditional immortalization possible without the direct use of DNA transection or viral 
transduction. 

Supernatants, extracts, or co-cultures from or with the producing cells can be used to 
deliver the oncogene, immortalizing protein, or other protein of interest to the cell of choice. 
Alternatively, fusion protein can be purified and added to a culture medium as a medium 
supplement. To obtain a differentiated final cell, the fusion protein additives are simply 
removed from the medium. 

The advantages of this approach could be many. The advantages include the 
elimination of viral transduction or plasmid transfection of the human cell lines of interest. 
One could simply add the VP22-fusion proteins as a supplement to the tissue culture growth 
medium. In this way, the cells would be directly exposed to the immortalizing signals in 
culture without the need for permanent genetic modification of the cell with the oncogene or 
immortalizing gene sequences. 

Another advantage is the elimination of gene switch- and Cre/lox inactivation- 
based systems for the deactivation and elimination, repsectively, of the introduced 
immortalizing gene sequences from the genome of the thus immortalized mammalian 
cells. Because no immortalizing gene sequence is ever introduced into the primary human 
cells, there is no need to add complicated gene switches (let, ecdysone etc.) to turn off the 
expression of the immortalizing/transforming oncogene, or to flank the immortalizing 
gene with loxP sites for later excision of the oncogene by the addition of CRE 
recombinase. With the VP22 or TAT fusion protein systems, one simply removes the 
proteins responsible for cell expansion from the tissue culture medium and the cellular 
transport of immortalizing signals is halted. From a safety point of view there is 
considerably less concern about transferring potentially transformed human cells into the 
patient population. By contrast, with classical gene transfection/transduction methods, it is 
very difficult to prove that the transforming gene sequence has been "completely" 
eliminated or turned off. In other words, with the traditional gene transformation 
approaches currently employed one can never be sure to completely inactivate every last 
one of the immortalizing genes originally inserted into the transplanted cells. 

Another advantage to this invention is the increased likelihood that upon removal 
of the VP22 or TAT fusion proteins from the expanding cell culture medium one could 



generate the possibility to more efficiently and rapidly revert the expanding cells to a fully 
differentiated phenotype. 

Another advantage of the invention is that protein can be transported directly to the 
nucleus, without the need for gene delivery to the cell. The invention is especially 
5 advantageous for the conditional immortalization of human primary cells, such as pancreatic 
beta cells, hepatocytes, bone cells cartilage cells, fibroblasts, muscle cells, brain cells or fat 
cells. As a result of efficient nuclear transport, the invention can also be used for the transient 
gene activation of specific endogenous genes in any cell line. When the fusion protein contains 
polypeptide sequences that transcriptionally activates specific gene expression of endogenous 
10 proteins, then the invention can also be used for the production of any protein of interest with 
out use of the coding sequence for that gene or protein. Examples of genes that might be 
endogenously activated through the use of VP22 or TAT fusion proteins are EPO, Factor VIII, 
leptin, hGH, insulin, etc.. Thus, the invention can be used to transiently gene activate any 
primary or immortalized cell, for the production of said protein for any use. 
15 The use of the invention can be transient, can be accomplished with any cell, and does 

not require DNA insertion into the promoter region upstream of the gene. We do not need any 
sequence information just, specific gene activation proteins. This avoids the use of gene 
activation of specific promoter sequences. Moreover, it would be possible to develop a screen 
for transcriptional activators, which could be used with VP22 or TAT to screen for activators 
20 any protein of interest. 

In another embodiment, VP22 or TAT is coupled to telomerase. The VP22-telomerase 
or TAT-telomerase fusion protein is transiently delivered to the cells of interest. Upon removal 
of the fusion protein from the medium, the delivery process is stopped - but only after 
transiently "telomerizing" the chromosome tips, and extending replicative cell life for more 
25 than 50 population doublings or more. This delivery process does not require retention of the 
delivered gene sequence in any of our final products. Thus, the invention avoids the retention 
of viruses, Cre/lox, SV40, or telomerase in the final cell or device product. 

In another embodiment, VP22 or TAT is coupled to c-myc, which specifically induces 
telomerase activity via transcriptional activation, so that there is no need for the telomerase 
30 fusion protein (Wang, J. et al. Genes & Devel. 1 2, pp. 1 769-1 774, 1 998). 

Polypeptides having the transport function ofVP22. VP22 is a structural protein found 
in Herpes simplex type 1 virus (HSV). The herpesviral HSV-1 virion protein VP22 possesses 
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an unusual intercellular trafficking mechanism (see PCT International patent application 
WO 97/05265; Elliott & O'Hare, 88 Cell 223-233 (1997)). The protein can efficiently 
transport itself through the membrane of cells via a non-classical Golgi-independent 
mechanism. The VP22 protein can transport itself into surrounding cells as the result of 
5 endogenous synthesis and secretion or after exogenous application to naive cells. VP22 can 

spread throughout a monolayer of non-expressing cells, whereby VP22 is transported from the 
cytoplasm of an expressing cell into neighboring cells. Interestingly, the VP22 protein is 
naturally targeted to the nucleus where it binds directly to chromatin and segregates to 
daughter cells after cell division. Furthermore, when fused to a variety of other proteins the 

10 VP22 protein can transport the fused proteins across cell membranes thus carrying the attached 
proteins into the nucleus. More importantly, the VP22-fused proteins have been shown to 
retain biological activity in their chimeric state and to deliver this activity directly into the 
exposed cell in a highly efficient manner. This VP22-fusion protein transport capability has 
recently been demonstrated for a variety of different proteins including Green Fluorescent 

15 protein, a 27 Kda fluorescent marker protein, (Elliott & O'Hare, 6 Gene Therapy 149-151, 

1999); P-53, a 53 Kda cell cycle regulatory protein, (Phelean et aL y 16 Nature Biotechnology 
440-443, 1998); Thymidine Kinase, the 52 Kda enzyme serving as the converting enzyme in 
the pro-drug suicide protein combination routinely used in gene therapy trials; (Dilber et al. 9 6 
Gene Therapy 12-21 (1999)), and P-galactosidase, the 1 16 Kda bacterial enzyme widely 

20 employed as a reporter protein in gene expression studies (Invitrogen). In all of these studies 
the chimeric VP22 fusion proteins were efficiently transported into fusion-protein exposed 
cells, and most importantly, demonstrated the biological effects associated with each coupled 
protein both in vitro and also in vivo for the VP220TK system. 

Various other proteins have the capability to permeate cellular membranes by the 

25 addition of a membrane-translocating sequence (MTS) (Rojas et al. y 16 Nature Biotechnology 
370-375 (1998)). The MTS, a hydrophobic region (h-region) is used to deliver various 
peptides and proteins (cargo) across cell membranes in a nondestructive manner. HIV-1 TAT 
(Ensoli et a/., 67 J. Virol 277-287 (1993); Fawell et a/., 91 Proc. Natl. Acad. Sci. USA 
664-668 (1994); Schwarze et aL t 285 Science 1569-1572 (1999)) and a small number of other 

30 non-viral proteins (Jackson et al 9 89 Proc. Natl. Acad. Sci. USA 10691-10695 (1992)) have 
also been attributed with intercellular trafficking properties, but none appears to demonstrate 
this phenomenon as strikingly as VP22, with the exception of denatured/renatured TAT 
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protein. A further important property of VP22 is that, when applied exogenously to the 
medium of a cell monolayer, it can be taken up by those untransfected cells where it 
accumulates in the cell nucleus. 

The term "VP22" refers to protein VP22 of HSV (e.g., HSV1), and transport-active 
fragments and homologues thereof, including transport-active homologues from other herpes 
viruses including varicella zoster virus VZV, equine herpes virus EHV and bovine herpes virus 
BHV; modified and mutant proteins and fusion polypeptides and coupling products having 
homology therewith and a transport function corresponding to a transport function of VP22 of 
HSV1 ; and in context also relates to nucleic acid sequences encoding any of the above whether 
in the form of naked DNA or RNA or of a vector, or of larger nucleic acid sequences including 
such sequences as sub-sequences. 

Sub-sequences of herpesviral VP22 protein with transport activity, and methods of 
testing these, have been described elsewhere. For example, see PCT International patent 
applications WO 97/05265, WO 98/04708, and WO 98/32866, each of which is incorporated 
herein by reference. Sub-sequences of herpesviral VP22 protein with transport activity include 
polypeptides corresponding to amino acids 60-301 and 159-301 of the full HSV1 VP22 
sequence (1-301). A polypeptide consisting of amino acid residues ("aa") 175-301 of the VP22 
sequence has markedly less transport activity, and is less preferred in connection with the 
invention. Accordingly, the invention relates in one aspect to coupled and fusion proteins 
comprising a sub-sequence of VP22 containing a sequence starting preferably from about aa 
159 (or earlier, towards the N-terminal, in the native VP22 sequence), to about aa 301, and 
having (relative to the full VP22 sequence) at least one deletion of at least part of the VP22 
sequence which can extend, for example, from the N-terminal to the cited starting point, e.g., a 
deletion of all or part of the sequence of about aa 1-158. Less preferably, such a deletion can 
extend further in the C-terminal direction, e.g., to about aa 175. For example, partial sequences 
in the range from about aa 60-301 to about aa 159-301 are preferred. 

VP22 sequences, as contemplated herein, extend to homologous proteins and 
fragments based on sequences of VP22 protein homologues from other herpesviruses. For 
example, corresponding derivatives and VP22-homologue sequences have been obtained from 
VZV (e.g., all or homologous parts of the sequence from aa 1-302), from MDV (e.g., all or 
homologous parts of the sequence from aa 1-249), and from BHV (e.g., all or homologous 
parts of the sequence from aa 1-258) (see PCT International patent applications WO 97/05265, 



WO 98/04708, and WO 98/32866). The sequences 1 of the corresponding proteins from HSV2, 
VZV, BHV and MDV are available in public protein/nucleic acid sequence databases. Thus, 
for example, within the EMBL/Genbank database, a VP22 sequence from HSV2 is available 
as gene item UL49 under accession no. Z86099 containing the complete genome of HSV2 
strain HG52 ; the complete genome of VZV including the homologous gene/protein is 
available under accession numbers X04370, M14891, M16612; the corresponding protein 
sequence from BHV is available as "bovine herpesvirus 1 virion tegument protein" under 
accession number U21 137; and the corresponding sequence from MDV is available as gene 
item UL49 under accession number LI 0283 for "gallid herpesvirus type 1 homologous 
sequence genes". In these proteins, especially those from HSV2 and VZV, corresponding 
deletions can be made, e.g. of sequences homologous to aa 1-159 of VP22 from HSV1 . These 
cited sequences are hereby incorporated herein by reference. Homologies between them are 
readily accessible by the use of standard algorithms and software, for example those 
mentioned in PCT International patent applicationWO 95/12673, pg. 9. 

VP22 sequences, as contemplated herein, extend to sequences from proteins with 
properties similar to VP22, such as the MTS 12 amino acid (membrane-translocating 
sequence) from Kaiposi fibroblast growth factor and similar 1 1 amino acid regions of the HIV 
TAT protein (Schwarze et al. t 285 Science 1569-1572 (1999)). 

Furthermore, chimeric VP22 proteins and protein sequences are also useful within the 
context of the invention, e.g., a protein sequence from VP22 of HSV1 for part of which a 
homologous sequence from the corresponding VP22 homologue of another herpesvirus has 
been substituted. For example, into the sequence of polypeptide 159-301 from VP22 of HSV1, 
C-terminal sequences can be substituted from VP22 of HSV2 or from the VP22 homologue of 
BHV. 

Deletion of the 34-amino acid C-terminal sequence from VP22 of HSV1 has been 
reported to abolish transport-activity {see PCT International patent applications WO 97/05265, 
WO 98/04708, and WO 98/32866). Thus this sequence region contains essential elements for 
transport activity. According to a preferred embodiment of the invention, there are provided 
coupled and fusion polypeptides comprising the 34-amino acid C-terminal sequence from 
VP22, or a variant thereof, together with a sequence from: (a) a protein or polypeptide for cell 
immortalization; (b) a protein or polypeptide that has telomerase-specific activity; or (c) a 
protein or polypeptide for the activation of a specific endogenous gene. These are provided for 



example for use by administration in the form of protein to cells that will take them up. 
Coupled products of modified terminal fragments having at least one mutation insertion or 
deletion relative to the C-terminal 34 amino acid sequence of HSV1 VP22 are also provided. 
According to an alternative preferred embodiment of the invention, the fusion polypeptides 
comprises the 34-amino acid C-terminal sequence from VP22, or a variant thereof, together 
with a nucleic acid sequence (DNA or RNA) encoding: (a) a protein or polypeptide for cell 
immortalization; (b) a protein or polypeptide that has telomerase-specific activity; or (c) a 
protein or polypeptide for the activation of a specific gene. 

Sequences necessary for transport activity have also been reported to contain one or a 
plurality of amino acid sequence motifs or their homologues from the C-terminal sequence of 
VP22 of HSV1 or other herpesviruses, which can be selected from RSASR, RTASR, RSRAR, 
RTRAR, ATATR, and wherein the third or fourth residue A can be duplicated, e.g., as in 
RSAASR. 

Fusion Proteins. In use, many of the compositions described herein can be expressed 
as fusion proteins in a first part of the target population of cells, exported therefrom, and 
harvested. The fusion protein is then placed in a growth medium where it is taken up by a 
second part of the target population of cells not directly producing the protein. 

A fusion polypeptide as described herein can be transported to a target population of 
cells, by introducing a polynucleotide or other vector encoding the fusion polypeptide into a 
first population of cells (e.g., by transfection or microinjection), expressing the encoding 
polynucleotide to produce the fusion polypeptide, thereby to cause it to be exported from the 
first population of cells, harvested, and introduced to a second population of cells via the 
growth medium. 

VP22 or TAT, or functional sub-sequences thereof, optionally with an additional 
polypeptide tail for coupling, can be linked to other proteins or nucleic acid by chemical 
coupling in any known suitable standard manner. Coupling or fusion of an amino acid 
sequence with the transport function of VP22 protein orTAT protein can provide a useful cell 
delivery construct for proteins of the kinds mentioned. 

The term "fusion proteins" include terms such as "coupled proteins," "coupling 
products," and "fusion products." Preferably the coupled proteins are fusion proteins, which 
can conveniently be expressed from approximately inframe-fused gene -coding sequences in 
known suitable host cells. Corresponding polynucleotide sequences can be prepared and 



manipulated using elements of known and standard recombinant DNA techniques and readily 
available adaptations thereof. However, chemically-coupled products can for certain 
applications be used if desired, and can be prepared from the individual protein components 
according to any of a variety of chemical coupling techniques known in the art. 
5 Fusion proteins can be. formed and used in ways analogous to or readily adaptable from 

standard recombinant DNA techniques. The polynucleotide can be comprised in an open 
reading frame operably linked to a suitable promoter sequence, and form part of an expression 
vector, e.g., comprising the polynucleotide carried in a plasmid. The expression vector can, for 
example, be a recombinant virus vector or a non-viral transfection vector. The vectors can, for 

10 example, be analogs or examples of those vectors mentioned or described in PCT International 
patent application WO 97/05265, or of those mentioned or described in PCT International 
patent applications WO 92/05263, WO 94/21807, or WO 96/26267. For nucleotide sequences 
that are capable of being transcribed and translated to produce a functional polypeptide, 
degeneracy of the genetic code results in a number of nucleotide sequences that encode the 

15 same polypeptide. The invention includes all such sequences. 

Products described herein can be used according to the invention as transportable 
proteins capable of being taken up by a target population of cells, e.g., so that an effector 
function corresponding to the polypeptide sequence coupled to the VP22, from among the 
kinds mentioned above, can take place within the target cells that have taken up the product. 

20 Thus, for example, the target cells may be immortalized in a case where the polypeptide or 

nucleotide sequence is from an immortalizing agent, or obtain an extended replicative lifespan 
where the polypeptide or nucleotide sequence is from telomerase, or from a telomerase 
activator. In use, many of the products described herein can be expressed as fusion proteins in 
a first part of the target population of cells, exported therefrom, and harvested. The fusion 

25 protein is then placed in a growth medium where it is taken up by a second part of the target 
population of cells not directly producing the protein. 

A fusion protein, as described herein, can be transported to a first population of cells, 
by introducing a polynucleotide or other vector encoding the fusion polypeptide into a first 
part of the target population of cells (e.g., by transfection or microinjection), expressing the 

30 encoding polynucleotide to produce the fusion polypeptide, thereby to cause it to be exported 
from said first part of said target population, harvested, and introduced to a second part of the 
target population of cells via the growth medium. Fusion protein (including chemically 
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coupled products) can also be transported into a target population of cells by directly exposing 
the cells to a preparation of the fusion protein, thereby to cause the target cells to take them up. 

Among the derivatives of VP22 that can be used according to aspects of the invention 
as transport active substances and for coupling with materials to be transported, for the 
purposes set forth elsewhere herein, are peptides comprising a transport-active functional 
sequence from the C-terminal section of VP22. 

The coupling products or fusion proteins based on VP22 can have a range of molecular 
sizes. The products can in practice be for example up to about 70 kDa or more, e.g., 90 kDa or 
100 kDa or more in respect of the size of the protein to be coupled or fused to VP22. The 
embodiments of the invention include examples where the fusion peptide is at least about 13 
residues long, or more than about 12 amino acid residues long. The proteins to be fused can 
sometimes also be more than about 27 or 32 kDa. The coupled polypeptide or fusion protein, 
including the VP22 component can have sizes greater than 120 kDa, e.g., up to about 180 kDa 
or 200 kDa. 

It is sometimes preferred that the VP22 sequence is fused at its N-terminus to the 
sequence of the chosen other protein of one of the kinds mentioned herein. C-terminal fusions 
can sometimes be correspondingly preferred. 

In the polypeptides of the invention, mutations of the constituent amino acid sequences 
can be incorporated in the fusion polypeptides and other coupled proteins. Included here are 
proteins having mutated sequences such that they remain homologous, e.g. in sequence, 
function; and antigenic character or other function, with a protein having the corresponding 
parent sequence. Such mutations can preferably for example be mutations involving 
conservative amino acid changes, e.g., changes between amino acids of broadly similar 
molecular properties. For example, interchanges within the aliphatic group alanine, valine, 
leucine and isoleucine can be considered as conservative. Sometimes substitution of glycine 
for one of these can also be considered conservative. Interchanges within the aliphatic group 
aspartate and glutamate can also be considered as conservative. Interchanges within the amide 
group asparagine and glutamine can also be considered as conservative. Interchanges within 
the hydroxy group serine and threonine can also be considered as conservative. Interchanges 
within the aromatic group phenylaalanine, tyrosine and tryptophan can also be considered as 
conservative. Interchanges within the basic group lysine, arginine and histidine can also be 
considered conservative. Interchanges within the sulfur-containing group methionine and 



cysteine can also be considered conservative; Softietimes substitution within the group 
methionine and leucine can also be considered conservative. Preferred conservative 
substitution groups are aspartate-glutamate; asparagine-glutamine; valine-leucine-isoleucine; 
alanine-valine; phenylalanine- tyrosine; and lysine-arginine. In other respects, mutated 
sequences can comprise insertions such that the overall amino acid sequence is lengthened 
while the protein retains transport properties. Additionally, mutated sequences can comprise 
random or designed internal deletions that shorten the overall amino acid sequence while the 
protein retains transport properties. 

The mutated protein sequences can additionally or alternatively be encoded by 
polynucleotides that hybridize under stringent conditions with the appropriate strand of the 
naturally-occurring polynucleotide encoding the parent protein, and can be tested for positive 
results in known functional tests relevant to the parent protein. 'Stringent conditions' are 
sequence dependent and will be different in different circumstances. Generally, stringent 
conditions can be selected to be about 5°C lower than the thermal melting point (T M ) for the 
specific sequence at a defined ionic strength and pH. The T M is the temperature (under defined 
ionic strength and pH) at which 50% of the target sequence hybridizes to a perfectly matched 
probe. Typically, stringent conditions will be those in which the salt concentration is at least 
about 0.02 molar at pH 7 and the temperature is at least about 60°C. As other factors may 
affect the stringency of hybridization (including, among others, base composition and size of 
the complementary strands), the presence of organic solvents and the extent of base 
mismatching, the combination of parameters is more important than the absolute measure of 
any one. 

VP22-fusion or TAT fusion proteins can be easily purified using a poly-His (poly- 
histidine) tag. Systems for producing fusion proteins containing poly-His tags are 
commercially available (Xpress, Invitrogen, San Diego CA; HisTrap kit, Pharmacia Biotech 
Inc., Piscataway, NJ). 

Coupling with immortalizing proteins. A common approach to lengthening the lifespan 
of a cell is to transfer a virus or a plasmid that contains one or more immortalizing genes. Cell 
immortalization increases the lifespan of a cell, and the resulting cell line is capable of being 
passaged many more times than the original cells. However, irreversibly transformed, 
tumorigenic human cells may form colonies in soft agar and also may form tumors in nude 



mice. These cells are unsuitable for direct cell therapy or any assay of fully differentiated cell 
functions. 

In one useful class of embodiments of the invention, VP22 can be coupled with known 
proteins or polypeptides that cause cells to be immortalized. Immortalizing genes are well 
5 known in the art. See, e.g., Katakura et al y Methods Cell Biol 57: 69-91 (1998). Immortalizing 
proteins or polypeptides include, but are not limited to, the 12S and 13S products of the 
adenovirus El A genes, SV40 small and large T antigens, papilloma viruses E6 and E7, the 
Epstein-Barr Virus (EBV), Epstein-Barr nuclear antigen-2 (EBNA2), human T-cell leukemia 
virus- 1 (HTLV-1), HTLV-1 tax, Herpesvirus Saimiri (HVS), mutant p53, and the proteins 
10 from oncogenes such as myc, c-jun, c-ras, c-Ha-ras, /*-ras, v-src, c-fgr, myb, c-myc, fl-myc, 

and Mdm2. 

In an example of the invention concerned with cell immortalization, VP22 is coupled 
with the oncoprotein myc (v-myc or c-myc). Thus, according to one embodiment of the 
invention, there is provided a fusion protein comprising an amino acid sequence with the 

15 transport function of herpesviral VP22 protein and a sequence with the immortalization 

functionality of myc. In a preferred embodiment, the fusion protein includes substantially the 
full length myc sequence and substantially the full length VP22 sequence. 

Fusion with VP22 is used for delivery of an agent for immortalization such as myc. 
Where the description given herein refers to myc and related peptides; it will be understood 

20 that, where the context admits, alternative immortalizing agents, such as for example those 
myc analogues and other immortalizing agents mentioned and referred to herein, are also 
contemplated, as are, more generally, alternative fusion or coupling partners for VP22, of any 
of the other types mentioned herein. Once expressed in a subpopulation of expressing cells, 
harvested, and administered to the growth medium, such a fusion protein can be transported by 

25 the VP22 transport mechanism to a significant portion of the target normal somatic cells, and 
the foreign attached polypeptide then immortalizes these normal cells. 

Also provided by this aspect of the invention are corresponding polynucleotides, 
encoding a fusion polypeptide that comprises a sequence with the transport function of 
herpesviral VP22 protein and a sequence with the human or other mammalian cell 

30 proliferating function of myc. The polynucleotide can be comprised in an open frame operably 
linked to a suitable promoter sequence. 
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The polynucleotide can, according to examples of the invention, form part of an 
expression vector, e.g., comprising the polynucleotide carried in a plasmid. The expression 
vector can be for example a virus or a non- viral transfection vector. 

Coupling with telomerase. Telomeres are specialized structures at the ends of 
eukaryotic chromosomes and appear to function in chromosome stabilization, positioning, and 
replication. Blackburn & Szostak, 53 Ann. Rev. Biochem. 163-194 (1984); Zakian, 23 Ann. 
Rev. Genetics 579-604 (1989); Blackburn, 350 Nature 569-573 (1991). In all vertebrates, 
telomeres consist of hundreds to thousands of tandem repeats of 5 -TTAGGG-3- sequence and 
associated proteins (350 Nature 569-573 (1991); Moyzis et al, 85 Proc. Natl. Acad. Sci. 
6622-6626 (1988)). Southern blot analysis of chromosome terminal restriction fragments 
(TRF) provides the composite lengths of all telomeres in a cell population (Harley et al, 3445 
Nature 458-460 (1990); Allsopp et al, 89 Proc. Natl. Acad. Sci. USA 101 14-10118 (1992); 
Vaziri et al, 52 Am. J. Human Genetics 661-667 (1993)). In all normal somatic cells 
examined to date, TRF analysis has shown that the chromosomes lose about 50-200 
nucleotides of telomeric sequence per cell division, consistent with the inability of DNA 
polymerase to replicate linear DNA to the ends (Watson, 239 Nature New Biology 197-201 
(1972)). 

This shortening of telomeres has been proposed to be the mitotic clock by which cells 
count their divisions (Harley, 256 Mut. Res. 271-282 (1991)), and a sufficiently short 
telomeres may be the signal for replicative senescence in normal cells (Hastie et al, 346 
Nature 866-868 (1990); Lindsey et al, 256 Mut. Res. 45-48 (1991); Wright & Shay, 8 Trends 
Genetics 193-197 (1992)). In contrast, the vast majority of immortal cells examined to date 
show no net loss of telomere length or sequence with cell divisions, suggesting that 
maintenance of telomeres is required for cells to escape from replicative senescence and 
proliferate indefinitely (Counter et al, 1 1 EMBO 1921-1929 (1992); Counter et al, 91 Proc. 
Natl. Acad. Sci. USA 2900-2940, 1994). 

Telomerase, a unique ribonucleoprotein DNA polymerase, is the only enzyme known 
to synthesize telomeric DNA at chromosomal ends using as a template a sequence contained 
within the RNA component of the enzyme (Greider & Blackburn, 43 Cell 405-413 (1985); 
Greider & Blackburn, 337 Nature 331-337 (1989); Yu et aL, 344 Nature 126-132 (1990); 
Blackburn, 61 Ann. Rev. Biochem. 1 13-129 (1992)). With regard to human cells and tissues, 
telomerase activity has been identified in immortal cell lines and in ovarian carcinoma but has 



not been detected in mortal cell strains or in normal non-germline tissues (Morin, 59 Cell 
521-529, 1989). Together with TRF analysis, these results suggest telomerase activity is 
directly involved in telomere maintenance, linking this enzyme to cell immortality. 

Expression of the human telomerase catalytic component (hTERT) has recently been 
studied in human somatic cells. Jiang, et a/., 21 Nature Genetics 111-114 (1999). Telomerase 
expression in normal somatic cells did not appear to induce changes associated with a 
malignant phenotype such as abnormal growth control or oncogenic transformation. The 
absence of cancer-associated changes was also reported in human fibroblasts immortalized 
with telomerase. Morales, et al., 21 Nature Genetics 1 15-118 (1999). It was demonstrated that 
the introduction of telomerase into normal human somatic cells does not lead to growth 
transformation, does not bypass cell-cycle induced checkpoint controls and does not lead to 
genomic instability of these cells. Methods for detecting telomerase activity, as well as for 
identifying compounds or polypeptides that regulate or affect telomerase activity, together 
with methods for therapy or diagnosis of cellular senescence and immortalization by 
controlling or measuring telomere length and telomerase activity, have also been described 
(see PCT International patent application WO 93/23572). The identification of compounds 
affecting telomerase activity provides important benefits to efforts at treating human disease. 
Compounds that stimulate or activate telomerase activity (such as myc) can be fused to VP22 
or TAT to inhibit cell senescence and increase the lifespan of the cell. 

In a further class of embodiments of the invention, VP22, TAT, or functional 
subsequences thereof can be usefully coupled or fused with telomerase, or other enzyme or 
functional fragment thereof known as applicable for a similar purpose. The coupling product 
can penetrate into cells that are to be treated. These VP22-telomerase coupling products are 
used in the extension of the replicative lifespan of the target cell. The telomerase functions to 
stabilize the telomeres of the cell and arrest cellular senescence. See, e.g., United States patent 
5,837,857. 

Transient immortalization or telomerization of cells. According to one aspect of the 
invention, normally quiescent cells are transiently immortalized in order to proliferate these 
cells. Cells of interest are cultured in the presence of a fusion protein comprising a first 
polypeptide having the transport function of herpesviral VP22 or HIV TAT protein and a 
second polypeptide having cell immortalization activity. The fusion protein is transported to 
the nucleus of the cells, and immortalizes the cells. The immortalized cells are expanded in the 



presence of the fusion protein. Once sufficient ce^s h^ve been obtained, the fusion protein is 
removed from the growth medium, and the cells are cultured until they return to their original, 
non-immortalized state. More than one oncogene or immortalizing fragment may be required. 
According to another aspect of the invention, normally quiescent cells are proliferated 
5 by transiently telomerizing these cells. Cells of interest are cultured in the presence of a fusion 
protein comprising a first polypeptide having the transport function of herpesviral VP22 
protein and a second polypeptide having telomerase-specific activity. The fusion protein is 
transported to the nucleus of the cells where it synthesizes telomeric DNA at chromosomal 
ends, thereby preventing replicative senescence. Once sufficient cells have been obtained, the 

10 fusion protein is removed from the growth medium, and the cells are cultured according to 
standard techniques, in absence of the fusion proteins. 

According to yet another aspect of the invention, normally quiescent cells are 
proliferated by transiently immortalizing and telomerizing these cells. Cells of interest are 
cultured in the presence of two fusion proteins: (1) a fusion protein comprising a first 

15 polypeptide having the transport function of herpesviral VP22 protein and a second 

polypeptide having cell immortalization activity; and (2) a fusion protein comprising a first 
polypeptide having the transport function of herpesviral VP22 protein and a second 
polypeptide having telomerase-specific activity, or telomerase gene activation activity. The 
cells are expanded in the presence of the fusion proteins until sufficient cells have been 

20 obtained. The cells are then subsequently cultured according to standard techniques, in absence 
of the fusion proteins. 

Transient gene activation. In another embodiment of the invention, a specific gene in a 
cell is transiently activated to specifically activate the expression of the endogenous gene of 
interest. The genes of interest include, but are not limited to, hGH, FAC VIII, FAC VII, FAC 

25 IX, FAC X, EPO, insulin, and TPA. 

Equivalents. From the foregoing detailed description of the specific embodiments of 
the invention, it should be apparent that unique methods of increasing the replicative capacity 
of normally quiescent cells have been described. Although particular embodiments have been 
disclosed herein in detail, this has been done by way of example for purposes of illustration 

30 only, and is not intended to be limiting with respect to the scope of the appended claims which 
follow. In particular, it is contemplated by the inventor that various substitutions, alterations, 
and modifications may be made to the invention without departing from the spirit and scope of 
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the invention as defined by the claims. For instance, the choice of the particular polypeptide 
having the transport function of herpesviral VP22 protein, or the particular polypeptide having 
cell immortalization activity, or the particular polypeptide having teiomerase-specific activity 
is believed to be a matter of routine for a person of ordinary skill in the art with knowledge of 
the embodiments described herein. 

The details of one or more embodiments of the invention have been set forth in the 
accompanying description above. Although any methods and materials similar or equivalent to 
those described herein can be used in the practice or testing of the present invention, the 
preferred methods and materials are now described. Other features, objects, and advantages of 
the invention will be apparent from the description and from the claims. In the specification 
and the appended claims, the singular forms include plural referents unless the context clearly 
dictates otherwise. Unless defined otherwise, all technical and scientific terms used herein 
have the same meaning as commonly understood by one of ordinary skill in the art to which 
this invention belongs. All patents and publications cited in this specification are incorporated 
by reference. 

The following EXAMPLES are presented in order to more fully illustrate the preferred 
embodiments of the invention. These EXAMPLES should in no way be construed as limiting 
the scope of the invention, as defined by the appended claims. 

EXAMPLE 1 
CONSTRUCTION OF THE VP22-hTERT FUSION 

Materials. Taq polymerase and all restriction, modifying, and enzymes were purchased 
from Life-Technologies (Basel, Switzerland). The expression vector pCEP4, TA- and Cloning 
kits were obtained from Invitrogen Corporation (Carlsbad, CA., U.S.A.). The Quick-Clone 
cDNA from human testis, lymphoma and HeLa cells, GC-Melt Genomic and cDNA PCR kits 
were purchased from ClonTech (Basel, Switzerland). The TRAPeze assay kit was obtained 
from Oncor (Basel, Switzerland). 



Oligonucleotides. The following oligonucleotides were custom synthesized 
(Life-Technologies or Microsynth) for use as PCR primers in the cloning of the hTERT 
cDNA: 

5 , -ATATATGCTAGCGCCACCATGCCGCGCGCTCCCCGCTGCC-3 , (SEQ ID NO:l). 
5 ^ATATATGAATTCAGTCCAGGATGGTCTTGAAGTCTGAGGGC-3 * (SEQ ID NO:2). 

RT-PCR amplification of 293T cDNA using Taq polymerase with these primers 
produced a 3417 base-pair product. Diagnostic restriction digestion patterns confirmed that 
this 3417-bp RT-PCR product was indeed derived from the hTERT cDNA. The product was 
subsequently subcloned into pCR2.1 by using the TOPO-TA cloning kit (Invitrogen). 
Nucleotide sequence determination of the resulting clone, pCR2.1 -hTERT- 1007, demonstrated 
that the cloned hTERT had the correct nucleotide sequence when compared to the published 
hTERT nucleotide sequence. Nakamura et a/., 1997; GenBank Accession Number AFO 15950. 

Construction of the VP22-hTERT Chimera Fusion Gene. A 3416-bp EcoRI fragment 
containing the intact hTERT cDNA was excised out of pCR2.1 -hTERT- 1007 and subcloned, 
in-frame, at the EcoRI site in the expression vector pVP22-1090 (Invitrogen). The resulting 
clone was named pVP22-hTERT-1091. FIG 1. 

Generation of pi 091 /BHK Stable Cell Line. The pVP22-hTERT- 1091 expression 
vector was stably transfected into BHK cells by using Lipofectamine Plus (Gibco 
Life-Technology). Briefly, the selection drug G418 was added to the transfected BHK cells 24 
hours after transfection. Stably transfected pl091/BHK cells were grown in fibroblast growth 
media (DMEM plus 10% FBS) and 1 mg/ml of G418 for 2 weeks. One million of pl091/BHK 
cells were seeded in one T-75 flask and pulsed two times with 12 ml of DMEM plus 10% FBS 
for 24 hours. The collected, conditioned media were filter-sterilized through a Nunc 0.22 
^im-filter and overlayed on to primary human fibroblasts, MDX1 (Modex therapeutiques SA), 
at 50,000 cells per well in a 6-well plate. Final concentrations of fibroblast growth media were 
either 25%, 50%, 75%, or 100%. After the first 24 hours of exposure to the pl091/BHK 
conditioned media, the media were removed and replaced with the second batch of a 24-hour 
pulsed pi 091 /BHK conditioned media. After the second 24-hour exposure, MDX1 cells were 
harvested by trypsinization and pelleted. 



Telomerase Assay, The Telomeric Repeat Amplification Protocol (TRAP) assay was 
performed according to the manufacturer's protocol (TRAPeze Telomerase Detection Kit, 
Oncor). Briefly, a pellet of 50,000 cells was resuspended in 50 \i\ of IX CHAP lysis buffer 
containing RnaseOut at 200 U/ml (Gibco Life-Technology). The cell suspension was 
5 incubated on ice for 30 minutes and immediately centrifuged at 15,000 RPM at 4 °C for 15 
minutes. The supernatant was immediately transferred to an RNase-Free Eppendorf tube. 
According to the manufacturer's protocol, the cell extract was diluted 1 : 10 so that a cell extract 
from 200 cells was used for the TRAP assay. Ten microliters of the reaction mix were resolved 
via 12.5% non-denaturing PAGE in 0.5X TBE buffer at 150 volts for 2 hours. The DNA 

10 ladders were visulaized by staining in SYBR Green Stain (Molecular Probe). 

Results. MDX1 primary human fibroblasts do not possess detectable telomerase 
enzyme activity as monitored by the TRAP assay. Thus, any detected telomerase enzyme 
activity from the MDX1 cells exposed to the conditioned media from 
pVP22-hTERT-1091/BHK can be attributed to the chimeric VP22-hTERT proteins that had 

15 been secreted by the stable pVP22-hTERT-1091/BHK cells and subsequently taken up by the 
primary human fibroblast MDX1 cells. PAGE results showed the telomerase activities from 
MDX1 cells that were exposed to the conditioned media from pVP22-hTERT-1091/BHK 
cells. The positive ladder formation in the 50% media mix indicated that the chimeric 
VP22-hTERT secreted from the pVP22-hTERT-1091/BHK cells was taken up by the primary 

20 human fibroblast MDX 1 . 

EXAMPLE 2 

TRANSIENT IMMORTALIZATION TECHNOLOGY 

25 The goal of this EXAMPLE is to validate the feasibility of chimeric protein 

translocation systems for the transient immortalization of primary human cells. 

Construction of VP22-HTERT Fusion Cassettes and Expression Vectors: The basic 
VP22 expression vector was purchased from Invitrogen and renamed as pVP22-(cMyc-HIS- 
TAG)-1090. The cMyc and HIS denote the cMyc-tags and HIS-tags that are fused at the C- 

30 terminus of the VP22. The first gene to be fused to the VP22 was chosen to be the hTERT that 
was used successfully to enhance the proliferative potential of the primary human fibroblasts. 
Due to the concern that the C-terminal tags might interfere the hTERT catalytic activity, it was 
decided to make two VP22-hTERT fusion cassettes: (1) VP22-hTERT contains an in-frame 
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fusion between VP22 and hTERT with no cMyc and HIS tags at the C-terminus of the fusion 
protein and (2) VP22-hTERT(cMyc-HIS-TAG) contains an in-frame fusion between VP22 and 
hTERT with cMyc and HIS tags at the C-terminus of the fusion protein. The cMyc and HIS 
tags were included at the N-terminus due to the need to identify the fusion protein inside 
mammalian cells and to be able to purify the fusion protein in large quantities. 

The 3.4-kb EcoRI insert containing the hTERT was excised out of the pi 007 and 
subcloned into the pVP22-cMyc-HIS-1090 at the EcoRI site resulting in an in-frame fusion 
between the N-terminal VP22 and the C-terminal hTERT. This new construct was named 
P VP22-hTERT-1091 (see, TABLE 1). ... „-.--■ 

TABLE 1 

A list of VP22-based fusion genes. (cMyc-HIS-TAG) denotes the cMyc-epitope and 
HIS-epitope tags fused in-frame at the C-terminus of the VP22, VP22-hTERT, and 
• VP22-cMyc fusion genes. 
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To generate the VP22-hTERT(cMyc-HIS-TAG) fusion protein, we removed the 
termination codon TGA at the end of the hTERT coding sequence. Briefly, the 3' 900-bp 
MluI/NotI fragment in hTERT was regenerated by PCR using oligonucleotides in order to 
generate a 3' 900-bp MluI/NotI fragment containing no TGA termination codon. This 3* 900- 
bp MluI/NotI hTERT PCR produced with no TGA termination codon was cloned directly into 
pCR2.1-TOPO cloning vector and the resulting plasmid was named as pCR2.1-TOPO- 
hTERT(-)TGA-1093. The nucleotide validity of the PCR insert in pl093 was confirmed to be 
100% accurate by nucleotide sequencing reactions. The 3' 900-bp MluI/NotI fragment in 
pVp22-hTERT-1091 was substituted with the one from pi 093 resulting in an in-frame fusion 
of VP22, hTERT, cMyc epitope tag, and HIS epitope tag. The resulting expression vector was 
named as pW22-hTERT-(cMyc-HIS-Tag)-1095. 

Construction of VP22-cMyc Fusion Cassettes and Expression Vectors :T\\z VP22-cMyc 
fusion cassette contains only HIS-tag at the C-terminus of the fusion protein. In order to easily 
fuse in-frame the VP22 and cMyc coding sequences, the entire cMyc coding sequence was 



regenerated in a 5' 790-bp and 3' 549-bp fragments by resulting in pCR2.1-cMyc-PCRl-1097 
and -1099, respectively. The nucleotide validity of the PCR inserts in pi 097 and pl099 was 
confirmed to be 100% accurate by nucleotide sequencing reactions. The 5' 790-bp and 3' 549- 
bp cMyc fragments were combined by subcloning the 3' 549-bp Clal/BamHI from pi 099 into 
the Clal/BamHI site in the pi 097 generating a full-length cMyc without a TGA termination 
codon. This plasmid was named as pCR2.1-TOPO-cMyc-(-)TGA-l 100. Subsequently, the 
full-length cMyc without the TGA termination codon was subcloned out of pi 100 by EcoRI 
and NotI restriction digestion and into pi 090 generating pVP22-cMyc-HIS-1101. 

Detection of VP22-KTERT and VP22-cMyc Fusion Proteins by ICC Analysis: To 
demonstrate that the VP22-hTERT and Vp22-cMyc fusion genes were properly constructed, 
immunocytochemistry (ICC) analysis was performed on COS cells that were transiently 
tansfected with either pl095 or pi 101. The control VP22 vector pVP22-(cMyc-HIS-TAG)- 
1090 was included (see, FIG. 3A and FIG. 3B). Since VP22, hTERT and cMyc are nuclear 
proteins, clear nuclear staining of pi 090, pi 095- and pi 101 -transiently transfected was clearly 
demonstrated by ICC using anti-cMyc antibodies. This data also showed that the fusion VP22- 
hTERT (see, FIG. 3E and 3F) and VP22-cMyc (see, FIG. 3G and FIG. 3H) fusion genes were 
correctly constructed and the respective fusion proteins were properly synthesized and 
transported to the nucleus as expected of nuclear proteins. 

Detection of VP22-hTERT and VP22-cMyc Fusion Proteins by Western Blot Analysis: 
To demonstrate that the VP22-hTERT and Vp22-cMyc fusion proteins were of the correct 
molecular weight sizes, we performed Western blot analysis on total cell lysates from COS 
cells that were transiently tansfected with either pl095 or pi 101 . The fusion proteins with the 
expected molecular weights were clearly detected by anti-cMyc antibodies, thus, further 
validating that the fusion VP22-hTERT (see, FIG. 3A) and VP22-cMyc (see, FIG. 3B) fusion 
genes were constructed correctly. 

Demonstration of enhanced proliferation capacity.The VP22-hTERT stably 
transfected cell line demonstrates a fully immortalized phenotype as evidenced by the 
enhanced population doubling curve depicted in FIG. 4. Normal non-immortalized primary 
MDX01 cells demonstrate 13-20 PD's under the same culture conditions. 

Demonstration of the Catalytic Enzyme Activity by VP22-hTERT Fusion Proteins: To 
demonstrate that the N-terminal VP22 fusion protein did not affect the catalytic activity of the 
C-terminal fused hTERT enzyme, TRAP enzyme assays were performed on total cell extracts 



from telomerase negative MDX1 cells that were transiently transfected with either pi 091 or 
pl095. Both pl091 and pl095 exhibited clear ladder formation clearly indicating the 
preservation of the telomerase catalytic activity in the VP22-hTERT fusion proteins (see, FIG. 
4A). 

5 To determine if W22-hTERT fusion protein encoded by expression plasmid p 1 09 1 

was capable of immortalizing telomerase negative primary human fibroblast cell lines these 
constructs were stably transfected into hTERT-negative MDX1 cells. After 5 weeks of G418 
selection at 50 ng/ml, a small colony of G418-resistant pl091/MDXl was selected and 
expanded for further population doubling studies. TRAP assay on pl091/MDXl clearly 

10 showed the hTERT enzyme activity (see, FIG. 5B). Furthermore, ICC using anti-hTERT 

antibodies clearly demonstrated positive nuclear staining in pl091/MDXl cells (see, FIG. 6). 
Such a result indicates the presence of "telomerase" proteins in pl091/MDXl and is consistent 
with the detection of telomerase activities in pl091/MDXl by TRAP assays. P1091/MDX1 
stable cells were shown to be G418-resistant but Hygromycin-sensitive demonstrating that 

15 they are not "contaminant" cells derived from MDX12 line which is a Hygromycin-resistant 
mMMLV hTERT immortalized fibroblast positive control cell line. 

However, there is still a possibility that the pl091/MDXl cells are derived from 
spontaneously transformed MDX1 cells instead of being truly immortalized due to the forced 
expression of VP22-hTERT fusion proteins. To resolve this issue, RT-PCR analysis was 

20 performed on total mRNA isolated from MDX01, pl091-MDX01 (VP22-hTERT 

immortalized), and MDX12 (mMLV-hTERT immortalized) cell lines. As shown in FIG. 7 A, 
when RT-PCR is performed using an oligonucleotide pair specific for the 5' untranslated 
portion and the coding regions of the endogenous hTERT gene, no PCR signal is obtained 
from the mMLV-hTERT or VP22-hTERT immortalized cell lines. When RT-PCR is 

25 performed with a pair of oligonucleotides specific for the VP22 and hTERT coding regions 

only the VP22-hTERT immortalized 1091-MDX01 cell line is positive, FIG. 7B. Furthermore, 
in FIG. 8A, further confirms that when RT-PCR is performed using oligonucleotide pairs 
specific to the mMLV and hTERT coding regions only the mMLV-hTERT immortalized 
MDX12 cell line demonstrates a positive signal. 

30 Thus, the identity of the telomerase enzyme activity as detected by TRAP on 

pl091/MDX01 cell extracts can be attributed to the VP22-hTERT fusion mRNA and not to 
endogenously activated hTERT proteins. This demonstrates that similar to MDX01 cells 
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immortalized with constituitively expressed mMLV-hTERT the VP22-hTERT immortalized 
1091-MDX01 is also fully immortalized by the expression of the VP22-hTERT fusion mRNA 
and hence protein. 
In summary: 

1 . The VP22-hTERT, W22-hTERT-(cMyc-HIS-TAG), and VP22-cMyc-(HIS-TAG) 
fusion genes were verified by sequencing reactions to be free of sequence mistakes and to be 
correctly in-frame fused between the VP22 and hTERT coding domains, or VP22, hTERT, 
cMyc-TAG, and HIS-TAG coding domains, or VP22, cMyc, and HIS-TAG coding domains, 
respectively. 

2. The VP22-hTERT, VP22-hTERT-(cMyc-HIS-TAG), and VP22-cMyc-(HIS-TAG) 
fusion genes are all capable of expressing intact fusion proteins as demonstrated by ICC and 
Western blot analysis from transiently transfected COS cells. 

3. The telomerase catalytic activities of VP22-hTERT and VP22-hTERT-(cMyc-HIS- 
TAG) fusion proteins were conclusively demonstrated in vitro by TRAP assays. 

4. The expression of VP22-hTERT mRNA by RT-PCR and the immortalized phenotype 
by population study analysis, sucessfully demonstrates that the VP22-hTERT fusion protein is 
functional with respect to primary fibroblast cell immortalization. 

The foregoing description has been presented only for the purposes of illustration and 
is not intended to limit the invention to the precise form disclosed, but by the claims appended 
hereto. 



WE CLAIM: 



CLAIMS 



1 . A fusion polypeptide, comprising: 

(i) a first polypeptide having the transport function of herpesviral VP22 protein or 
human immunodeficiency virus (HIV) TAT protein, and 

(ii) a second polypeptide selected from 

(a) a polypeptide having cell immortalization activity, 

(b) a polypeptide having telomerase-specific activity, and 

(c) a polypeptide having telomerase gene activation activity. 

2. The fusion polypeptide of claim 1 , wherein the polypeptide having cell immortalization 
activity is selected from the group comprising of SV40 small and large T antigen, 
adenovirus El A, papilloma virus E6, papilloma virus E7, Epstein-Barr virus, 
Epstein-Barr nuclear antigen-2, human T-cell leukemia virus, herpesvirus saimiri, 
mutant p53, myc, c-jun, c-ras, c-Ha-ras, h-ras, v-src, c-fgr, myb, c-myc, n-myc, and 
Mdm2. 

3. The fusion polypeptide of claim 1, wherein the polypeptide having telomerase-specific 
activity is selected from the group comprising of telomerase, pl40, pl05, p48, and p43. 

4. A method of transiently immortalizing a cell comprising the step of: 

expanding the cell in growth medium containing a fusion protein comprising a 
first polypeptide having the transport function of herpesviral VP22 protein or 
human immunodeficiency virus (HIV) TAT protein and a second polypeptide 
having cell immortalization activity, 

wherein the fusion protein is taken up by the cell to result in proliferation of the 
cell; and 

wherein growing the immortalized cell in growth medium that does not contain 
the fusion protein terminates the proliferative effects of the fusion protein. 



The method of claim 4, wherein the second polypeptide having cell immortalization 
activity is selected from the group comprising of SV40 large T antigen, adenovirus 
El A, papilloma virus E6, papilloma virus E7, Epstein-Barr virus, human T-cell 
leukemia virus, herpesvirus saimiri, mutant p53, myc, jun, ras, src, myb, and Mdm2. 

A method of transiently telomerizing a cell comprising of the step of: 

exposing the cell to growth medium containing a fusion protein comprising a 
first polypeptide having the transport function of herpesviral VP22 protein or 
human immunodeficiency virus (HIV) TAT protein and a second polypeptide 
having telomerase-specific activity; 

wherein growing the immortalized cell in growth medium that does not contain 
the fusion protein, terminates the telomerizing effects of the fusion protein. 

The method of claim 6, wherein the polypeptide having telomerase-specific activity is 
selected from the group comprising of telomerase, pl40, pi 05, p48, and p43. 

A method of increasing the replicative capacity of a cell comprising of the step of: 
expanding the cell in growth medium containing: 

(i) a first fusion protein comprising a first polypeptide having the transport 
function of herpesviral VP22 protein or human immunodeficiency virus 
(HIV) TAT protein and a second polypeptide having cell 
immortalization activity, and 

(ii) a second fusion protein comprising a first polypeptide having the 
transport function of herpesviral VP22 protein or human 
immunodeficiency virus (HIV) TAT protein and a second polypeptide 
having telomerase-specific activity; 

wherein growing the cell in growth medium that does not contain the first and 
second fusion proteins, terminates the immortalizing and the telomerizing 
effects of the fusion proteins. 

The method of claim 8, wherein the polypeptide having cell immortalization activity is 
selected from the group comprising of SV40 large T antigen, adenovirus El A, 



TTV/UV/UIWi' • * - 

papilloma virus E6, papilloma virus E7, Epstein-Barr virus, human T-cell leukemia 
virus, herpesvirus saimiri, mutant p53, myc, jun, ras, src, myb, and Mdm2. 

10. The method of claim 9, wherein the polypeptide having telomerase-specific activity 
. selected from the group comprising of telomerase, pl40, pl05, p48, and p43. 
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Figure 1: The plasmld map of pVP22-hTERT-1091. The black arrows within the 
circular map represent the VP22 and hTERT coding regions that will be expressed as a 
chimeric fusion protein. The back-bone plasmid pVP22 plasmid was purchased from 
Invitrogen. 
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FIGURE 3 
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Figure % Western blot analysis of VP22-based chimera proteins expressed in COS. Panel A. 
The VP22-hTERT-(cMyc-HIS-TAG) fusion protein and the control VP22-(cMyc-HIS-TAG) protein in 
expression vectors p1095 and p1090 f respectively, were expressed in transiently transfected COS 
cells. The primary antibody used was the anti-cMyc antibody from Invitrogen. Panel B. The VP22- 
cMyc-(HIS-TAG) fusion protein and the control VP22-(cMyc-HIS-TAG) protein in expression vectors 
p1101 and p1090, respectively, were expressed in transiently transfected COS cells. The primary 
antibody used was the anti-cMyc antibody from Invitrogen. The arrows indicate the expected 
molecular weights of VP22-hTERT-(cMyc-HIS-TAG), VPaa-cMyc-tHIS-TAG), and VP22-(cMyc-HIS- 
TAG) proteins. 



3 / 9 



WO 00/61617 



FIGURE 4A 



PCT/US00/09775 



Population doubling curve for 1091-MDX01 
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The Population Doubling Study of MDX1-Bated Cell Lines 
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FIGURE 5 
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FIGURE 7 
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